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M13 filamentous phage particle. 
(870 X 6 nm). Single-stranded 
DNA circle of 
6407 nucleotides 




Gene 3 protein 



F pilus of F"" E.coli 




Nicking by 
gene 2 
protein 




Virus particles 
extruded from infected 
cell without lysis 



STAGE 1 
Adsorption and 
conversion of 
single-stranded DNA to 
double-stranded 
(replicative form, RF) 
DNA 

0-1 minute 
post-infection 



STAGE 2 
RF-*RF rolling 
circle replication 

^20 minutes 
post-infection 



STAGE 3 

Gene 5 protein switches 
DNA synthesis to 
production of single 
strands 

^20 minutes 
post-infection to 
indefinitely 



Fig. 4.10 Life cycle and DNA replication of phage M13. 
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Add primer 




AMV reverse transcriptase 
+ 3 dNTPs 
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Chapter 5 
Changing 
Genes: 
Site-Directed 
Mutagenesis 





Add nnissing dNTP + DNA ligase 



Transform cells 





WILD TYPE 



MUTANT 




ig. 5.9 Procedure for random mutagenesis of a target sequence. In the absence of 
one of the dNTPs the AMV reverse transciptase copies the template DNA slowly 
and mserts any of the dNTPs present for the missing dNTP. On adding back the 
mi^mg dNTP, replication occurs at its usual high rate. Dots represent mutated 

^c^uld correct the CYC-1 mutation, and revertants were obtained that had 
expected base sequence. For this method to succeed it is necessary to 
wye stable mutants and a positive selection method for revertants. High 
iPNA concentrations (100 ^g) also are required. ^- 
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Section 4 
Applications of 
Recombinant 
DMA 

Technology 



Duplex DNA 



Denature 



Single strands 



Add random-sequence 
primers 



Single strand + 
random primers 



Add Klenow polymerase 
unlabelled dNTPs 
labelled dCTP^) 



Prirner extension 



Denaturis to •. . 
release labelled probe 



Template single 
strand . 



Labelled probe 



Add to hybridization mix 
Fig. 15.2 The random primer method for preparing labelled DNA. 
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Section. 4 . 
Applications of 
Recombinant 
DNA 

Technology 




tT7 RNA polymerase, 
labelled (*) and 
unlabelled rNTPs 




Labelled RNA run-off 
transcripts of defined length 
and sequence 



Fig. 15.4 Preparation of probes using a single-stranded mlCE vector. 



target and the probe nucleic acid are free to move, thus maximizing the 341 
chance that complementar)' sequences will align and bind. Consequently Chapter 75 
solution hybridizations go to completion five- to 10-fold faster than those Nucleic Acid 
on solid supports (Bryan el al. 1986). This can be parhcularly important m Probes and 
many diagnostic microbiology applications where the concentration of the their 
target sequence is very low and speed is essential. Applications 

At the end of the hybridization step it is essential to separate duplexes 
from unbound probe. If one of the two sequences in the hybridization 
reaction has been immobilized this separation step is achieved by a 
simple washing procedure. This explains the popularity of filter hybrid- 
ization, of which there have been numerous examples in previous chapters. 

A variation of the filter hybridization reaction is to attach the probe to 
the bottom of a microtitre plate well or to a tube (Polsky-Cynkin et al 

1985) . This facilitates the washing step, reduces the total volume of the 
hybridization, and facilitates the automated reading of results if a color- 
imetric detection system is used. A clever utilization of this format is the 
sandwich hybridization reaction (Ranki et al. 1983, Palva & Ranki 1985). 
Here one probe is attached to the solid support and serves to capture 
homologous nucleic acids. A second DNA probe, which recognizes a 
contiguous sequence carries the reporter molecule (Fig. 15.12). Although 
the sandwich format is far less dependent, upon the sample composition 
than direct blotting methods, it is a relatively slow process. Also, the 
capture is inefficient, since after denaturing the target DNA, the rate of 
reassociation of the target with itself in solution is considerably greater 
than its rate of association with the solid-phase probe (Syvanen et al. 

1986) . For the latter reason RNA probes are preferable to DNA probes. 

If solution hybridization has been used, removal of unbound probe is 
not easy. One method is to digest the single-stranded nucleic acid that 
remains after hybridization with an appropriate nuclease' Although at- 
tractive in principle, in practice efficient digestion and separation are 
difficult to achieve reliably, particularly with crude samples. An alternative 
method is to separate duplexes from single-stranded by means of differ- 
ential binding to hydroxyapatite or antibodies specific for double-stranded 
nucleic acids. A different approach has been adopted by Gingeras et al. 
(1987) who carried out sandwich hybridization in solution. The target 
DNA is hybridized in solution to a labelled probe and to an unlabelled 
capture probe which is immobilized by covalent attachment at its 5' end 
to a solid support. If the solid support is in the form of beads, subsequent 




Capture Add Target Add Reporter Add reagents 

probe target DNA reporter probe and detect 

attached DNA hybridizes probe hybridizes signal 
to welt 



l^ig. 15.12 The sandwich hybridization method as carried out in a microtitre tray. 
11^0 different wells of the microtitre tray show different stages in the procedure. 



